Objective: This study aimed to evaluate the association of diarrhea and acute lower respiratory tract infections (ALRI) with growth of preschool children. Design: A longitudinal community-based study over a 12-month period. Children were followed up with thrice-weekly household visits for collection of morbidity data. Every 4 months (round) clinical and anthropometric examinations were performed. At baseline a questionnaire was used to collect socioeconomic family data and environmental household variables. Generalized estimating equation was used in the statistical analysis. The variations in weight-for-age or height-for-age Z-scores in each round were the dependent variables, while the main independent variables were the number of days with diarrhea and ALRI. Setting: Serrinha, located in Northeast Brazil. Subjects: In total, 487 children, aged 6-48 months at baseline, with 1-y complete follow-up. Results: The number of sick days with diarrhea or ALRI was not associated with mean changes in weight-for-age Z-scores. However, the mean of height-for-age Z-scores was found to decrease in those children with 7 or more days of diarrhea (b ¼ À0.0472; P ¼ 0.016) but not with 1 or more days of ALRI (b ¼ 0.0022; P ¼ 0.406) in all rounds of the follow-up period. Conclusion: Results of the study reinforce the concept of diarrhea burden as a major determinant of poor growth in children under 5 y of age. Actions targeted to decrease the risk factors for the occurrence of diarrhea may represent an important component of interventions aimed to ensure satisfactory child growth.
Introduction
Acute and chronic infections are shown to be associated with a deficit in children's linear growth (Stephensen, 1999; ACC/ SCN, 2001; Checkley et al, 2003) . Particular attention should be paid to diarrhea, acute lower respiratory infections (ALRI), and parasitic infections, due to their high occurrence in developing countries (Kosek et al, 2003) . Diarrhea and ALRI have been blamed for the high morbidity load and hospitalization of children, particularly among those under 2 y of age (Victora et al, 1990; VanDerslice & Biscoe, 1995) . Several studies have shown that linear growth faltering takes place before the age of 3 y (ACC/SCN, 2001). Some authors consider that growth retardation begins at around 3 months of age (Waterlow, 1992) , while others report it to happen between 6 and 18 months of age in children of poor countries (Allen & Uauy, 1994) . In a recent report, Checkley et al (2003) observed that diarrhea affected linear growth mostly during the first 6 months of life. In poor countries, the estimated prevalence of stunting (height-for-age oÀ2 Z-score) in preschool children is around 33%, ranging from 13 to 70% (ACC/SCN, 2001) . In these countries, the children reach adulthood with a height deficit ranging from 10 to 15 cm, when compared either to adults of rich countries or to those from the more privileged sectors of their own countries (Allen & Uauy, 1994) .
In Brazil, diarrhea and ALRI are common diseases in preschool children (Schorling et al, 1990; Barreto et al, 1994; Waldman et al, 1997) . The average height of Brazilian children at birth is similar to the pattern found in developed countries. Linear growth retardation begins before the sixth month of life and by the end of the first year of life a deficit of 1-2 cm in height is present (Brasil, 1990) . At adulthood this deficit reaches 7.0 and 8.4 cm for women and men, respectively (Brasil, 1990) , when compared to the reference population (NCHS, 1997) . The prevalence of height-for-age deficits in Brazil (oÀ2 Z-score) ranges from 5.1% in the South (the richest region of the country) to 17.9% in the Northeast (the poorest) in spite of an overall 34% decline in these deficits in children under 5 y of age from 1989 to 1996 (BEMFAM/PNDS, 1996) .
It is known that the anthropometric status in childhood is associated with morbidity load, mainly when the child is exposed to precarious life conditions-a routine in the Northeast region where the study was conducted. This area is marked by high morbidity rates in childhood, mainly diarrhea and pneumonia (Duarte et al, 2002) , high prevalence of linear growth deficit, and very early weaning: the median duration of exclusive breast feeding in 1996 was only 0.7 months (21 days) (BEMFAM/PNDS, 1996) . The prevalence of vitamin A deficiency and anemia was extremely high, respectively, 53.7 (Santos et al, 1996) and 22.2% (Assis et al, 1997) . These conditions can be considered as underlying causes of death and they can predispose the occurrence of the infectious diseases , especially diarrhea.
The effect of diarrhea on children's growth deficit has been supported by greater evidence than the effect of ALRI. The present study aimed at evaluating the effect of morbidity, measured by the number of sick days with diarrhea and ALRI, on the growth of preschool children in a semiarid area of Northeast Brazil.
Population and methods

Study design and population
This was a 1-y longitudinal study with a closed cohort, carried out between December 1990 and December 1991, in the town of Serrinha (State of Bahia), located in Northeastern Brazil, within the so-called 'drought polygon'.
The cohort enrolled children between the ages of 6 and 48 months, originally selected as the control arm of a community trial aimed at evaluating the effect of vitamin A supplementation on child morbidity. Methodological details of the study, including selection and follow-up of the population, have been described elsewhere (Barreto et al, 1994) and will be summarized here.
The cohort was followed over a period of 12 months. Trained field workers collected morbidity data during household visits. The children were visited at home three times per week, corresponding to a recall period of 48-72 h. The interviewers were trained to recognize the degree of severity of the cases of diarrhea and ALRI. In the cases of diarrhea, the project team supplied oral rehydration salt and advised mothers on how to administer it. Suspected cases of pneumonia were brought to the medical attention of the project's pediatrician. When necessary, medical treatment or hospitalization of children was provided. At baseline and every 4 months thereafter, clinical and anthropometric examinations were performed by the project team, as described below.
Measurements of length/height and weight were taken in duplicate, blindly, by two independent properly trained nutritionists at baseline, 4, 8 and 12 months of follow-up and differences of 0.1 cm and 100 g between measurements were acceptable for length/height and weight, respectively. The final measure was the mean of these 2 measurements. Whenever larger differences between the measures were observed, a third measurement was conducted and the mean of the two closest values was considered. The anthropometric examinations were always carried out in the morning.
Mothers or guardians were invited to come to the examination facility closest to their residence for a previously scheduled appointment. Children under 24 months were weighed in an adult's arms, in accordance with the technical criteria of anthropometric assessment (Lohman et al, 1988) . Children were usually weighed naked, but some of them were wearing light underwear estimated at 10-20 g, which was disregarded as being negligible. For weight measurement, microelectronic scales with a precision of 100 g were used (Fillizola, model E-150/3P), donated by the National Institute of Nutrition, Ministry of Health, Brazil.
The recumbent length of children under 2 y old was measured with a wooden calibrated length board, especially built for this purpose; the older children were measured with a wooden stadiometer, both with precision of 0.1 cm following the technical recommendations of Lohman et al (1988) . The technical team carefully checked the instruments and the measuring tapes (in millimeters) were replaced when necessary. The instruments used in the anthropometric evaluation were adjusted for each round of measurements. The recorded age of the children was based on data obtained from their birth certificate or health/ vaccination card.
A day with diarrhea was defined as the occurrence of three or more liquid or semi-liquid motions reported in a 24-h period. ALRI was defined by the presence of cough and respiratory frequency of 40 or more breaths per minute for children younger than 12 months of age and 50 or more for older children.
Socioeconomic and environmental data of the family and household were collected at baseline using a questionnaire answered by the mother or guardian.
During the entire study period, continuous quality control of the collected data was ensured. Data entry was made in the field office, at the Project Headquarter, and 10% was re-entered independently to check for accuracy.
Statistical analysis
To estimate the association of diarrhea and ALRI with the anthropometric indexes increment, generalized estimating equation (GEE) was used (Liang & Zeger, 1986) . The results presented in this study are derived from these robust statistics. Initially, one bivariate regression equation was fitted for each independent variable, or co-variable, to estimate its individual association with child growth. Subsequently, two different multivariate regression models were specified for each dependent variable (variations of weight-for-age and height-for-age Z-scores in each follow-up period) by including all variables shown to be relevantly associated with growth increment in the bivariate regressions (ie those for which Po0.25) (Hosmer & Lemeshow, 1989) . These covariables, significantly associated with outcomes variables (Po0.05), were retained in the end and the two-tailed test was used to verify the significance of the variables and covariables in the model.
Anthropometric indices (height-for-age and weight-forage) were used as continuous variables in the multivariate analysis to assess the association of both diarrhea and ALRI with the weight and height variation of the studied population. For each child the differences between the height-for-age or weight-for-age Z-scores at the end of each round (4 months) minus the same indices at the beginning of the round were used as the outcome variables. The longitudinal prevalence (in days) of diarrhea and ALRI constituted the main independent variables. As an average of 18.6 days/child-year of diarrhea was observed, the longitudinal prevalence of diarrhea in each round was classified into three categories (0, 1-6 and Z7 days), but the longitudinal prevalence of ALRI was used in the analysis as a continuous variable. Both dependent variables were considered variant in time in the GEE.
Gender, age of the children, season and the majority of the socioeconomic variables were associated with anthropometric status and with diarrhea or ALRI. As a consequence they are potential confounders of the principal association and were used in the multivariate analysis with the objective of adjustment for the relationships of interest. The covariables were incorporated in the model as follows: child's gender (female or male), child's age (continuous variable), years of maternal education (0-3 and Z4 y of study), availability of indoor toilet facilities (yes or no), household garbage disposal (adequate or not) and origin of the water used in the household (pipe water or other origin). The economic status of the family was evaluated by a composite index based on possession of household goods (gas stove, refrigerator, radio and TV) and services (electricity) (ANEP/ ABIPEME, 1997). The socioeconomic status was ranked as high, middle or low. All these covariates variables were considered as invariant in time. Season was defined based on the period corresponding to the intervals when anthropometric measurements were taken (December/March, April/ July and August/December) (Brown et al, 1982) . Interactions terms were defined (diarrhea Â age and diarrhea Â season) and tested in the multivariate analysis.
Statistical analyses were performed with the SAS statistical package (SAS System for Windows, Version 8, 2000).
Ethical issues
The Ethics Committee of the Federal University of Bahia approved the study. After being fully informed about all the aspects of the study, mothers or guardians were requested to authorize the child's participation by signing an informed consent form. In the case of illiterates, the signature was substituted by fingerprint.
Results
A total of 620 children were originally included in the study, but 112 children (18.1%) were lost to follow-up and incomplete data were obtained for 21 children, resulting in 487 children with complete three rounds data included in the present study. At baseline there were no significant differences between the children who completed the study (n ¼ 487) and the ones lost (n ¼ 133) either by gender (P ¼ 0.603), age (P ¼ 0.426), indoor toilet facility (P ¼ 0.174), water source (P ¼ 0.232), garbage disposal (P ¼ 0.30) and anthropometric indices weight-for-age (P ¼ 0.636) or heightfor-age Z-scores (P ¼ 0.234). However, differences were observed in the mother's educational level (0.034) and socioeconomic status (P ¼ 0.036), with a more disadvantageous situation for the excluded children.
There were 177 755 child-days of follow-up and 1461 follow-up rounds (three per child). Table 1 shows some biological and socioeconomic characteristics of the studied population at baseline. Overall, 21.8% of the families had precarious socioeconomic status, 73.3% of the mothers presented 3 y or less of schooling and 27.7% of the households did not have an indoor toilet facility.
The children's anthropometric status at baseline and at the end of the 12-month follow-up period is presented in Table 2 . At baseline, 21.6 % of the studied children showed a severe or moderate deficit in linear growth (oÀ2 height-for-age Zscore), while 12.9% presented deficit in the weight-for-age Zscore. At the end of the follow-up period similar prevalences were found and no significant changes were observed.
We registered an incidence of 7.1 episodes/child-y of diarrhea and an average of 18.6 days/child-y with diarrhea in the investigated children. Regarding ALRI, an incidence of 1.0 episodes/child-y and an average number of 1.09 days/ child-y were found.
Results of the bivariate GEE equations analyses are presented in Table 3 . The occurrence of 7 or more days with diarrhea per follow-up period was significantly associated with deficits in the indices of weight-for-age (P ¼ 0.020) and height-for-age (Po0.001). One day or more with ALRI in a follow-up period was not associated with mean changes in either weight-for-age (P ¼ 0.307) or height-for-age (P ¼ 0.549) Z-scores. Variations of the means of height-for-age (Po0.001) and weight-for-age (Po0.001) Z-scores increased as the children become older. The absence of indoor toilet facility was associated with deficits in weight (P ¼ 0.032) and linear growth (P ¼ 0.039). Inadequate garbage disposal was also associated with deficits in the indicators weight-for-age (P ¼ 0.004) and height-for-age (P ¼ 0.065), while in the latter the statistical significance was borderline. The season the measurements were taken influenced the levels of the weight-for-age (P ¼ 0.007), but not the height-for-age Zscores. The other associations tested were not found to be statistically significant. The interaction terms were defined based on information available in the literature (diarrhea Â age and diarrhea Â season) and no significant term (Po0.05) was found.
The results of the reduced model showed that the number of sick days with diarrhea or ALRI was not associated with mean changes in the weight-for-age Z-scores (Table 4) . However, the mean of height-for-age Z-scores was found to decrease in those children with Z7 days of diarrhea 
Discussion
Linear growth retardation is known to result from poor functional, social, behavioral, biological, sanitary conditions and from the burden of morbidity, mainly due to infectious diseases (ACC/SCN, 2000) . It is recognized that genetic factors can be the final predictors of attainable adult height, but the growth pattern in childhood seems to be a function of environmental conditions, morbidity load and dietary patterns, with little influence from the genetic factor (Habicht et al, 1974; Zeitlin et al, 1990) . This is consistent with the observation that the deficit in linear growth decreases among populations that migrate to areas that offer better living conditions (Allen & Uauy, 1994) . At present, the predictive role of the social and economic environment on growth and development in childhood is being increasingly acknowledged. This is attributed to the fact that the environmental conditions are very important in determining the incidence, duration and severity of both infectious diseases and nutritional deficiencies (ACC/SCN, 2001), which are, in turn, the main risk factors for child growth retardation. In the preschool children followed in this study, diarrhea was found to be a risk factor for linear growth faltering, showing an effect that remained valid even after controlling for several socioeconomic (mother's educational level, socioeconomic status of family) and environmental variables (indoor toilet facility, garbage disposal, water source), age, gender of children and seasonality. In all, 7 or more days with diarrhea in at least one 4-month follow-up period were associated with an average deficit of 0.0472 in the height-forage Z-scores. The association among deficits in linear growth (oÀ3 Z-scores) and diarrhea incidence was also registered in a study involving Brazilian children in the Northeast (Schorling et al, 1990) . The constraining effects of diarrhea leading to growth faltering are also reported for children from other underdeveloped countries (Checkley et al, 2003) .
A recent review of diarrhea morbidity in the developing world, based on studies published from 1992 to 2000, disclosed a median incidence of 3.2 diarrhea episodes/ child-year for children under 5 y of age (Kosek et al, 2003) . In Brazil the highest incidence of diarrhea, 11 episodes/ child/year, has been reported in poor areas of the Northeast (Schorling et al, 1990 ) and the lowest incidence in the Southeastern region 1.4 episodes/child/year and average duration of 5.5 days (Waldman et al, 1997) . We registered an incidence of 7.1 episodes/child-y and average of 18.6 days with diarrhea/child-y, in an area of the Northeast marked by precarious living conditions and adverse environmental factors, high childhood morbidity rates mostly related to diarrhea and pneumonia (Duarte et al, 2002) , and a high prevalence of linear growth deficit (BEMFAM/PNDS, 1996) .
Possibly, the poor sanitary conditions (Checkley et al, 2004) , high rates of diarrhea (ACC/SCN, 2001) and persistent diarrhea episodes (Lima et al, 2000) can have long-term negative effects on linear growth and constitute constraining factors for growth in children of the study. This is consistent with the observation of a 21.6% prevalence of stunting (height-for-age oÀ2 Z-scores) at baseline in these pre-school children and 22.4% 12 months later.
Some authors stress the fact that the impressive decrease in diarrhea mortality, a consequence of oral rehydration therapy, has not been followed by a similar decrease in diarrhea morbidity (Kosek et al, 2003) . Possibly poor sanitary conditions, one of the main causes of diarrhea in children in most of the developing world, have not improved sufficiently to decrease morbidity rates to the same level of mortality rates.
In this study, a negative effect of diarrhea was observed on linear growth but not with weight; the apparent association on weight gain observed in the uncontrolled analysis disappeared after controlling for potentials confounding variables. Some investigations described decreases in weight gain due to diarrhea (Rowland et al, 1988; Lima et al, 2000) . The absence of effect on weight gain observed by us and by others (Victora et al, 1990; Moy et al, 1994) could be a consequence of the catch up growth during the period between the diarrhea episode and the anthropometric evaluation (Briend, 1990) . Although in this study the observations of morbidity have been recorded every 2 days, the anthropometric measurements were accomplished every 4 months. Briend (1990) discussed the crucial aspect of time between the diarrhea episode and the measurement, to be able to register such an effect. In this manner, this interval between measurements and diarrhea episodes may have been either long enough to enable weight recovery or not short enough to reflect a weight loss in this studied population.
One or more days with ALRI were not associated with significant changes in the anthropometrics indices. Although ALRI is an important and severe morbidity in the pediatric population, few studies focus on its relationship with childhood growth. Victora et al (1990) found a significant effect of pneumonia on the decrement of the height-for-age Z-scores, restricted to children aged 12 to 27 months, but other investigators (Rowland et al, 1988; Ariffen et al, 2001) failed to observe such an impact. In our study, the fact that on ethical grounds a number of these cases had received antibiotic treatment could have accelerated their cure, thus hiding a possible ALRI effect on growth. Some known clinical and molecular mechanisms could be responsible for the effect of diarrhea on growth. Diarrhea increases the organism's need for greater quantities of energy and nutrients (protein, fat and micronutrients) and decreases the food intake as the appetite is affected, and also decreases the absorption of nutrients and increases nutrients losses (Scrimshaw, 2003) as the mucosa of the small intestine is damaged (Lunn et al, 1991) .
Recently, the relevance of the appropriate management of diarrhea episodes has been reinforced as a necessary condition to prevent child growth deficits. With increased fluid intake and continuous feeding, the adverse effects on physical growth could be reduced (WHO, 2000) . In most cases, micronutrient supplementation with vitamin A (Villamor et al, 2002) or a micronutrient mix and small meals offered continuously to children with persistent diarrhea showed beneficial effect on weight gain and linear growth, reducing the harm caused by the disease (Valentiner-Branth et al, 2001) .
For ethical reasons, the children followed in this study were advised to use an oral rehydration solution or to seek medical assistance for treatment of the diarrhea. It is known that the administration of oral rehydration salts (ORS) reduces diarrhea-related severity and mortality (WHO, 2000) , and this therapy may have possibly decreased the potential negative effect on the child's linear growth. The team's pediatrician routinely visited those children with the suspicion of pneumonia at home and medication or hospitalization was provided when necessary. These health care procedures certainly reduced the severity of the episodes of diarrhea and ALRI, thereby positively altering the growth profile in this population group. Without these actions, the episodes of diarrhea and ALRI would have a much greater negative impact.
Although the study reported here was not designed to control for all confounding variables associated with both malnutrition and diarrhea in the planning phase, the most important variables, notably socioeconomic and environmental factors, were controlled during data analysis, thus decreasing the chance that our findings could be attributed to confounding factors. The study was not controlled by breastfeeding, a factor recognized as protective against diarrhea in children. However, considering the fact that only children 6 months or older were recruited, this did not interfere with our results. In Northeast Brazil the median duration of exclusive breastfeeding in 1996 was only 0.7 months (21 days) (BEMFAM/PNDS 1996) .
The loss to follow-up during the study was of 18.1%. The comparison of most variables (including weight/age and height/age) disclosed no statistical difference between the groups (followed children vs lost children), except for socioeconomic level (P ¼ 0.036) and mother's schooling (P ¼ 0.034). Therefore, it is unlikely that this loss to followup introduced any bias in the results.
The study design cannot rule out the hypothesis of reverse causality, considering that malnourished children present a higher risk of severe and longer-lasting diarrhea episodes. However, this is a shortcoming very difficult to overcome in most studies in this field.
Although other indicators that could demonstrate the severity of diarrhea were not analyzed in this study, and aside from the potentially positive effects of health care delivered to the children studied, the child's linear increment was definitely impaired by an increased number of days with diarrhea in the follow-up period. Few studies so far were able to demonstrate this association in children under 5 y of age (Schorling et al, 1990) , although some observed this association for children under 3 y of age (Guerrant et al, 1983; Lima et al, 2000) . The results also highlight the association of diarrhea and growth in children under five in a region of Northeast Brazil, where no similar studies were ever conducted.
Therefore, the role of diarrhea as a risk factor for growth faltering in childhood remains. Results of the study reinforce the concept of diarrhea burden as a major determinant of poor growth in children under 5 y (Brown, 2003) . Thus, in poor populations interventions targeted to decrease the adverse factors that favor the occurrence of diarrhea or its severity may represent an important part of any strategy aimed at improving the coverage of child survival and assuring a pattern of satisfactory growth in childhood.
